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Abstract  
 In this paper I present the small scale DSGE model of staggered wage and price 
contracts with internal habit formation, where the utility from a current consumption is 
affected by the level of the consumer’s own past consumption. Internal habit formation seems 
to be a reasonable compromise between catching up with the Joneses, where the reference 
level of consumption is given by the consumption of representative agent and deep habits. In 
order to assess the empirical importance of habit formation I estimate and compare using 
Bayesian techniques two variants of DSGE model: one with habit formation and the other 
without habit formation. The estimation and comparison is based on quarterly data for Polish 
economy. The results suggest that model with habit formation is clearly favored by the data. 
However, obtained Bayes factor seems to be very low in comparison to results for other 
economies. Comparison of impulse response functions shows that introduction of habit 
formation has rather limited impact on propagation mechanisms. Moreover, obtained 
posteriors seem to be stable between these models. 
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Introduction 
 Habit formation in consumption is a widely used real friction in the dynamic 
stochastic general equilibrium models (DSGE). Historically, it was introduced by Abel 
[1990] and Constantinides [1990] to explain the equity premium puzzle, identified by Mehra 
and Prescott [1985], which cannot be solved using standard time-separable utility function 
and reasonable calibration of discount factor and relative risk aversion parameter. 
Introduction of habit formation to modern DSGE models was proposed by Christiano, 
Eichenbaum and Evans [2005]. It causes that model is able to generate hump-shaped 
response of consumption to various shocks that is more comparable to the results obtained 
from VAR models. Moreover, works by Smets and Wouters [2007] and Adolfson et. al. 
[2007] confirm that introduction of habit formation improves model fit to the data.   
 This paper presents the small scale DSGE model with internal habit formation, where 
the utility from a current consumption is affected by the level of the consumer’s own past 
consumption. Internal habit formation seems to be a reasonable compromise between 
catching up with the Joneses, where the reference level of consumption is given by the 
consumption of representative agent and deep habits, proposed by Ravn, Schmitt-Grohe and 
Uribe [2006]. Moreover, following Erceg, Henderson and Levine [2000], I introduce price 
and wage rigidities in the spirit of Calvo [1983] to the model. The works by Rabanal and 
Rubio-Ramirez [2005; 2008] and Kuchta [2014] confirm the empirical importance of sticky 
wages assumption. 
 In order to assess the empirical importance of habit formation the model is estimated 
in two variants: one with habit formation and the other without habit formation using 
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Bayesian techniques. Next, the Bayesian model comparison is applied. The estimation and 
comparison are based on quarterly data for Polish economy. The results suggest that model 
with habit formation is clearly favored by the data. However, obtained Bayes factor seems 
to be very low in comparison to results for other economies. Moreover, obtained posteriors 
seem to be stable between these models.  
 The remainder of the paper is organized as follows. In the next section the theoretical 
model is derived and described. The third section contains a short description of estimation 
and comparison methods. The obtained results are presented in section forth. Finally, the last 
section presents some conclusions.    
   
Model 
 The final good ( )tY  is produced by a perfectly competitive, representative firm, which 
combines a continuum of intermediate goods, indexed by [ ]1;0∈j , using the following 
technology [Dixit, Stiglitz, 1977]: 
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where 0>pτ  is parameter, that govern the mark-up of the intermediate-goods firm, and 
j
tY  
represents the input of intermediate good j . The perfectly competitive firm takes its output 
price ( )tP  and its input prices ( )jtP  as given and seeks to maximize profits. The profit 
maximization problem implies following optimal demand for the inputs: 
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where the output price has the form of: 
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 Each intermediate good j  is produced by a monopolistically competitive firm j  
using the following technology with a constant return to scale: 
j
t
a
t
j
t LY ε=   (4) 
where jtL  is the labor input and 
a
tε  represents productivity shock, which it is assumed to be 
identical to each firm and follow a first order autoregressive process of the form: 
( )21 ;0~;lnln aatatataat Niid σηηερε += −  (5) 
where ( )1;0∈aρ  is autoregressive parameter. Linear relationship between input of labor and 
output causes that real total cost is also linear, which means that real marginal cost ( )jtRMC  
is independent of output and directly related with real wage ( )tw  and productivity shock: 
a
t
t
t
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 Each intermediate-goods producing firm has some monopolistic power on the market, 
which causes that each of them can choose the price of produced goods. It is assumed that 
price-setting mechanism is governed by Calvo scheme. In each period there is set of a 
randomly chosen firms, with the measure ( )1;01 ∈− pθ , which can set price optimally. Rest of 
firms leave the price unchanged. Calvo scheme implies that price of output (3) evolve 
according to: 
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where ( )1;0∈pθ  is parameter of price rigidities and ∗tP  is optimally chosen price, set in 
period t. In this period each firm that can choose price optimally, set it to maximize the 
stream of expected profits: 
( )












−∑
∞
=
++
+
∗
+
0τ
ττ
τ
ττ
λ
λβθ tt
t
t
t
t
pt YRMCP
PE  (8) 
subject to the demand constraint (2), where 
t
t
λ
λ
β τ+  is marginal rate of substitution between 
period τ+t  and t , and it is used the fact that in the present of linear production technology 
marginal cost is equal to average cost, if fixed costs are zero. The first order condition of the 
firm is given by: 
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 It is assumed that economy is populated by continuum of monopolistically 
competitive households, indexed by [ ]1;0∈i . Each household supplies a differentiated and 
imperfect substitute labor service and derives utility from consumption ( )itC  and disutility 
from hours worked ( )itL :  
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where ( )1;0∈h  is parameter of internal habit formation, 0>lδ  represents the inverse of the 
elasticity of labor supply, btε  and 
l
tε  denote preference shock and labor supply shock, 
respectively. It is assumed that each of them follow a first-order autoregressive process of the 
form: 
( )21 ;0~;lnln bbtbtbtbbt Niid σηηερε += −   (11) 
( )2;1 ;0~;lnln btltltllt Niid σηηερε += −   (12) 
where ( )1;0∈bρ  and ( )1;0∈lρ  are autoregressive parameters. 
The intertemporal budget constraint has the form: 
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where itB  represents the amount of one-period riskless bounds purchased in period t, tR  is 
the gross nominal interest rate, itw  is real wage, 
i
tD  is the household’s net real income from 
participating in state-contingent securities at time t and td  represents the shares in the 
intermediate firm’s profits.  
The household chooses the amount of consumption goods and one-period riskless bonds 
to maximize (10) subject to (13). The first order conditions are given by: 
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under transversality condition: 
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is the marginal utility of consumption. Moreover in the model without habit formation 
( )0=h  the marginal utility of consumption is reduced to: 
i
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 It is assumed that there are labor agencies which aggregate heterogeneous, individual 
for each household, labor services in a homogenous input factor using following technology: 
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where: 0>wτ  represents the household’s mark up. Labor agency tends to maximize profits 
and chooses labor input taking its prices as a given. Optimal demand for an individual labor 
has the form of: 
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where: itW  represents individual nominal wage of household and 
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is an index of nominal wage.  
It is assumed that each household has some monopolistic power and can choose 
nominal wage. Similarly to the price-setting mechanism, the wage-setting mechanism is 
governed by Calvo scheme. In each period a set of randomly chosen households can choose 
their wage optimally, to maximize (10) subject to (13) and (19), whereas rest of the 
households leaves their nominal wage unchanged. Introduction of sticky wages in the spirit of 
Calvo implies that nominal wage evolve according to: 
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where:  ∗tW  is the optimal nominal wage, which is given by the first order condition of the 
form: 
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where: ∗tL  and 
∗
tMUL  are the labor demand and marginal disutility of labor at this wage, 
respectively.  
 The equilibrium conditions at the labor market and the market of intermediate goods 
imply that: 
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price and wage dispersions in the economy, respectively [see: Yun, 1996; Christiano, 
Trabandt, Walentin, 2010]. Moreover, the equilibrium condition at the final goods market 
is given by: 
tt CY =  (25) 
 In considered model the gross nominal interest rate is controlled by the Central Bank, 
which chooses its level according to Taylor rule [1993] of the form: 
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where: variables without time subscript denote its levels in steady state and ( )1;0∈ρ   is the 
smoothing parameter, πφ  and yφ  are the long-run responses of the monetary authority to 
deviation of inflation and output from their steady state values. 
 
Estimation and comparison methods 
 In this part I present the method of estimation which is used to estimate structural 
parameters of the DSGE model. The procedure of estimation consists of several steps. In the 
first step the model is log-linearized around the deterministic steady state. Next, it is solved 
using perturbation method based on first order approximation of the policy and transition 
functions [Schmitt-Grohe, Uribe, 2004]. The solution of model can be interpreted as the 
transition equation in the state-space representation of the DSGE model. In the third step I 
use empirical time-series to construct measurement equation to obtain state-space model. In 
the next step the Kalman filter is used to evaluate likelihood function [see Hamilton, 1994, p. 
372-409; Canova, 2007, p. 214-220]. After that, Bayes theorem is used to construct posterior 
distribution of parameters of interest according to the formula written below [Fernandez-
Villaverde, 2010, p. 9; Kuchta 2011]: 
( ) ( ) ( )( )iT
i
T
i
i
T
mp
mpmpmp
|
,||,|
x
θxθxθ =   (27) 
where: ( )iT mp ,| xθ  represents posterior distribution for the model im , ( )imp ,θ  is the prior 
distribution, ( )iT mp ,| θx  is the likelihood function and ( )iT mp |x  denotes marginal density 
of data which is defined as [Kass, Raftery, 1995]:  
( ) ( ) ( )∫= θθxθx dmpmpmp iTiiT ,|||   (28) 
 The marginal data density averages all possible likelihoods across the parameter 
space, using the prior as a weight. It takes into account that the size of the parameter space for 
different model can be different. Hence, more complicated models will not necessarily rank 
better than simpler models, if the extra parameters are unimportant [Rabanal, 2007, p. 924-
295]. Moreover, it can be also used to compare misspecified and/or nonnested models 
[Fernandez-Villaverde, Rubio-Ramirez, 2004] and it is directly related to the predictive 
density function [Smets, Wouters, 2003, p. 1139].  
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 In order to compare alternative DSGE models I apply posterior odds ratio of the form 
[Fernandez-Villaverde, Rubio-Ramirez, 2004, p. 157-158]: 
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x  is the Bayes factor. Due to the fact that there 
are any important circumstances, I assign both models the same prior probability. Moreover 
I adopt from Jefferson [see Kass, Raftery, 1995] that Bayes factor higher than 150 means that 
one of compared models is strongly favored by the data. 
 Estimation and comparison is based on set for a Polish economy from I quarter 1995 
to IV quarter 2011 which consist of real GDP in per capita terms, real average wage, CPI and 
the short-run (3 mounth) nominal interest rate. All data were expressed as logs, seasonally 
adjusted and transformed in the percent deviation from steady-state using Hodrick-Prescott 
filter [Hodrick, Prescott, 1997]. 
 
Results 
 This part presents results of estimation and comparison of considered models. To 
obtain posterior distribution I apply Random-Walk Metropolis algorithm [see An, 
Schorfheide, 2007, p. 131] which consists of two chains, each of 400.000 draws. Posteriors 
are evaluated using only the last 100.000 draws. This ensures that the algorithm converged. 
Before estimation I divide parameters into two groups. First group consists of discount factor 
and household mark up parameter which are calibrated at the values 0.99 and 0.1, 
respectively. For the second group I choose prior distributions which are presented in table 1. 
Chosen priors ensure that possible values of parameters are consistent with economics 
assumption. 
 Results of the estimation are presented in table 1. Obtained posteriors seem to be 
similar in both models in spite of the fact that the estimated parameter of habit formation 
is statistically significant and implies high level of habits in Polish economy. According 
to presented results, significant level of price stickiness in Polish economy is observed. 
Estimate of the sticky price parameters suggests that the average duration of price is in the 
range of 4.3 to 10 quarters. These findings seem to be consistent with previous results for 
Polish economy [see Baranowski, Szafrański, 2012]. Obtained posteriors suggest also 
a moderate level of nominal wage stickiness. Estimate of the sticky wage parameter implies 
that the average duration of wage contract is found in the range of 2 to 3.7 quarters. It is quite 
surprising that the level of wage stickiness is much lower than the level of price stickiness, 
but it is consistent with other estimations of DSGE models for Polish economy [see 
Krajewski, 2013]. Moreover, the estimates of the parameters in Taylor rule suggest that in 
case of Polish economy, significant level of nominal interest rate smoothing and rather poor 
long-run response of the monetary authority to deviation of inflation from it steady state 
value are observed.   
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Table 1 Estimation results 
Parameter 
Prior Posterior* 
Type Mean (Std. errs.) 
Model with  
habit formation 
Model without habit 
formation 
lδ  Gamma 
1.25 
(0.50) 
0.89 
(0.31; 1.50) 
0.82 
(0.28; 1.38) 
h  Beta 0.50 (0.20) 
0.76 
(0.67; 0.87) - 
pθ  Beta 
0.50 
(0.20) 
0.83 
(0.77; 0.89) 
0.84 
(0.79; 0.90) 
wθ  Beta 
0.50 
(0.20) 
0.60 
(0.49; 0.69) 
0.62 
(0.50; 0.73) 
ρ  Beta 0.50 (0.20) 
0.77 
(0.71; 0.83) 
0.71 
(0.64; 0.77) 
πφ  Gamma 
1.50 
(0.25) 
1.44 
(1.12; 1.77) 
1.27 
(1.01; 1.54) 
yφ  Gamma 
0.125 
(0.05) 
0.13 
(0.07; 0.20) 
0.21 
(0.12; 0.30) 
aρ  Uniform 
0.50 
(0.29) 
0.48 
(0.29; 0.68) 
0.48 
(0.29; 0.65) 
bρ  Uniform 
0.50 
(0.29) 
0.09 
(0.00; 0.20) 
0.81 
(0.70; 0.92) 
lρ  Uniform 
0.50 
(0.29) 
0.03 
(0.00; 0.06) 
0.02 
(0.00; 0.06) 
aσ  Uniform 
0.50 
(0.29) 
0.08 
(0.03; 0.13) 
0.09 
(0.03; 0.15) 
lσ  Uniform 
0.50 
(0.29) 
0.61 
(0.30; 0.93) 
0.64 
(0.29; 1.00) 
bσ  Uniform 
0.50 
(0.29) 
0.06 
(0.03; 0.08) 
0.02 
(0.01; 0.03) 
rσ  Uniform 
0.50 
(0.29) 
0.0026 
(0.002; 0.003) 
0.0028 
(0.002; 0.003) 
Log marginal data density -295.54 -300.61 
Bayes factor 159.17 
Source: own calculations in Dynare 4.2.5. 
Note:* presented values are means of the posteriors and in the parenthesis are 5th and 95th percentiles. 
 
 The draws obtained from Metropolis algorithm are also used to evaluate marginal data 
densities by applying the modified harmonic mean estimator. Received values together with 
Bayes factor which relates model with habit formation to the model without habit formation 
are presented in table 1. The value of Bayes factor is equal to 159. It suggests that model with 
habit formation is strongly favored by the data. This result is consistent with the findings for 
U.S. [Smets, Wouters, 2007] and euro area [Adolfson, Laseen, Linde, Villani, 2007]. 
However, its value seems to be very low in comparison with works by Smets, Wouters and 
Adolfson, Laseen, Linde and Villani. It is supposed that the low value of Bayes factor is 
mainly determined by the low dimension of the set of observable variables. 
 To evaluate impact of the introduction of habit formation to the propagation 
mechanism of the model of price and wage rigidities I compare impulse response functions 
for model with and without habit formation. I present only the responses for the output, real 
wage, inflation and nominal interest rate, because they are used as the observables in 
estimation and the explanation of their dynamics determines the results of the Bayesian 
comparison. Figure 1 presents selected moments (median, 5th and 95th percentile of 
distribution) of the posterior distributions of impulse response functions in case of temporary 
and positive shock in technology. The black lines represent response of the model without 
habit formation and the red lines – response of the model with habit formation. 
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Figure 1 Impulse response functions – technological shock 
  
  
Source: own calculations in Dynare 4.2.5. 
Note: black solid line – median for the model without habit formation, black doted lines – 5th and 95th 
percentiles for the model without habit formation, red solid line – median for the model with habit formation, 
red doted lines – 5th and 95th percentile for the model with habit formation. 
 
 In the theoretical model, higher level of technology increases the marginal product of 
labor sharply and causes that output and real wage grow. Introduction of wage and price 
rigidities leads to the sluggish response of real wage.  As the consequence, the real wage 
increases through a year from the beginning of disturbance. Gradual growth of real wage 
results in immediate decrease of real marginal cost, because level of technology increases 
instantaneously. These changes cause that inflation decreases in the period of technological 
disturbance. The decrease of inflation despite the increase of output leads to decrease 
of nominal interest rate, which is consistent with Taylor rule.  
 Introduction of habit formation into the model of price and wage rigidities has rather 
small impact of the response to technological shock. It is quite surprising that obtained 
estimates of the reactions of inflation, real wage and nominal interest rate are similar in both 
models. Different response is only observed in case of output. The introduction of habit 
formation causes slightly more sluggish response. This arise from the fact that in case of habit 
formation households are interested in more spread response to changes in real income, since 
they are aware that if they consume more today, they should consume even more in the 
future, in order to remain at the same level of utility.  
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Figure 2 Impulse response functions – monetary policy shock 
  
  
Source: own calculations in Dynare 4.2.5. 
Note: black solid line – median for the model without habit formation, black doted lines – 5th and 95th 
percentiles for the model without habit formation, red solid line – median for the model with habit formation, 
red doted lines – 5th and 95th percentile for the model with habit formation. 
 
 Figure 2 presents selected moments (median, 5th and 95th percentile of distribution) 
of the posterior distributions of impulse response functions in case of temporary and positive 
shock in monetary policy. The black lines represent response of the model without habit 
formation and the red lines – response of the model with habit formation. 
 The appearance of monetary policy disturbance sharply raises the nominal interest 
rate above the steady state and thus increases its real value. Higher level of real interest rate 
encourages households to increase savings and reduce the consumption demand. As the 
consequence, fall in output is observed. Moreover, decrease of consumption demand forces 
firms to reduce labor demand and households to reduce their real wages. Similarly 
to technological shock, response of real wage is rather sluggish, because of introduction 
of staggered wage and price contracts. Moreover, the dynamics of real wage strongly 
determine the behavior of real marginal cost from a one side, and inflation from the other 
side. As the consequence inflation falls. 
 Introduction of habit formation into the model of sticky wages and prices has rather 
limited impact of the response to monetary policy shock. Similarly to technological shock, 
the main difference is observed in response of output. In the model without habit formation, 
the appearance of monetary policy shock results in sharp decrease of output, whereas in the 
model with habit formation the response of output is sluggish and hump-shaped. Moreover, 
the responses of real wages and inflation are stronger in the model with, than in the model 
without habit formation. 
 
Conclusion 
  This paper evaluated the empirical importance of the introduction of habit formation 
into small scale DSGE model of price and wage rigidities. Habit formation implied that the 
utility from a current consumption is affected by the level of past consumption and led to 
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sluggish response of consumption to changes in real income. The analysis was based on 
quarterly data for Polish economy from 1995:1 to 2011:4. To assess the empirical importance 
of habit formation, two version of the theoretical model was estimated and compared using 
Bayesian techniques. Moreover, this paper presented the comparison of impulse response 
functions with respect to technological and monetary policy shocks. 
 Obtained results suggested that model with habit formation was strongly favored by 
the data in comparison with model without habit formation. However, estimated Bayes factor 
was very low in comparison with results for other economies. It was supposed that the low 
value of Bayes factor was mainly determined by the low dimension of the set of observable 
variables. This conclusion was partially supported by the results of impulse response 
comparison. The comparison shown that introduction of habit formation had rather limited 
effect on propagation mechanism of the disturbances in the model of staggered price and 
wage contracts. The differences were only observed in the response of output which seems 
to be more sluggish and hump-shaped in the model with habit formation than in the model 
without habit formation. This arose from the fact that in case of habit formation households 
were interested in more spread responses to changes in real income, since they were aware 
that if they consume more today, they should consume even more in the future, in order 
to remain at the same level of utility. 
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